Background-Patients with chronic severe anaemia often retain salt and water. Fluid retention in these patients is not caused by heart failure and the exact mechanisms remain unclear. This study was designed to examine some of the possible mechanisms. Methods and results-Haemodynamic variables, body fluid compartments, renal function, and plasma hormones were measured in four patients with oedema caused by chronic severe anaemia (mean (SE) haematocrit 13 (1-7)) who had never received any treatment. Cardiac output was increased (6-1 (0.6) lminIm2) and right atrial (7. 
(0.6) lminIm2) and right atrial (7.8 (1) mm Hg), mean pulmonary arterial (2.0) mm Hg), and mean pulmonary arterial wedge (13 (2. There were significant increases in total body water (+ 14%), extracellular volume (+ 32%), plasma volume (+70%), and total body exchangeable sodium (+ 30%). Renal blood flow was moderately decreased (-46%) and the glomerular filtration rate was slightly reduced ( -24%). There were significant increases in plasma noradrenaline (2.1-fold), renin activity (15-fold), aldosterone (3.2-fold), growth hormone (6.3-fold) , and atrial natriuretic peptide (12-fold). Conclusion-In patients with oedema caused by chronic severe anaemia there is retention of salt and water, reduction of renal blood flow and glomerular filtration rate, and neurohormonal activation similar to that seen in patients with oedema caused by myocardial disease. However, unlike patients with myocardial disease, patients with anaemia have a high cardiac output and a low systemic vascular resistance and blood pressure. It is suggested that the low concentration of haemoglobin in patients with anaemia causes a reduced inhibition of basal endothelium-derived relaxing factor activity and leads to generalised vasodilatation. The consequent low blood pressure may be the stimulus for neurohormonal activation and retention.
salt and water (Br HeartJf 1993; 70:357-362) Chronic severe anaemia is often associated with various degrees of salt and water retention.'-" When fluid retention is severe the condition is often referred to as "congestive heart failure".2' Though the pathogenesis of salt and water retention in congestive heart failure caused by low output states has been well studied,45 the mechanisms of fluid retention in patients with chronic severe anaemia remain unclear. Patients with anaemia and "congestive heart failure" have a high cardiac output which increases with exercise even more than in healthy subjects.'2 The intracardiac filling pressures of these patients are usually normal or only slightly raised2 3 6 7 and myocardial contractility is normal or increased.8 All the haemodynamic changes are rapidly reversed after the anaemia is corrected.'267 Because there is little evidence that myocardial dysfunction is a cause of salt and water retention in chronic severe anaemia, it has been suggested that a better term for the condition is a "non-cardiac congestive state".9 Few detailed physiological studies have been made in patients with chronic severe anaemia and fluid retention.238
The mechanism of salt and water retention has remained elusive because it is rare to find such patients who have not received treatment for "congestive heart failure", which itself may affect the mechanisms being studied.0" 11 We present data on haemodynamic variables, body fluid compartments, renal function, and plasma hormones in four untreated patients with oedema caused by chronic severe anaemia and compare the results with those found in patients with untreated congestive heart failure caused by myocardial disease.
Patients and methods months (mean (SE) 2'9 (0 8) months). They complained of fatigue and shortness of breath (mean New York Heart Association class, 2-7 (0-2)). All looked pale and had mild to moderate ankle oedema and one (A2) had mild ascites. The jugular venous pressure was raised (6 (1 5) cm) and the liver was enlarged to an average (SD) of 5-7 (0 5) cm below the right costal margin. No patients had lymph node or splenic enlargement. A chest radiograph showed a slightly increased cardiothoracic ratio (0-52 (0-02)) but no signs of pulmonary venous congestion. The electrocardiogram showed non-specific ST segment and T wave changes. The cause of anaemia was severe iron deficiency caused by chronic hookworm infection in two (Al and A2), dietary iron deficiency in one (A3), and chronic bleeding haemorrhoids in one (A4). Routine clinical chemistry, serum creatinine, liver function tests and in particular serum albumin were normal. None of the patients had been treated for anaemia or "congestive heart failure". They were on a normal diet and salt was not restricted. Sodium balance was not studied.
PROTOCOL
The studies were performed after we obtained written, informed consent from the patients and the study was approved by the local ethics committee. Patients 
HAEMODYNAMIC VARIABLES
The resting heart rate was slightly increased (p < 0-01) (table 1). The cardiac index was increased in all the patients, the average (6-13 (0 56) being 150% above normal (p < 0-01). The mean pulmonary arterial and wedge pressures were raised in one patient (A2) but were within the normal range in the others. Right atrial pressure was slightly raised in three and was even higher in one (A2). The mean systemic blood pressure was significantly reduced (p < 0-01). The most impressive finding was considerable reduction in the systemic vascular resistance (p < 0-01). Arterial blood gases were normal.
BODY FLUID COMPARTMENTS AND RENAL

FUNCTION
All body fluid compartments were increased (table 2) . Total body water was, on average, 14% greater than normal and the increase was accommodated almost entirely in the extracellular space. Total body water increased by 77 ml/kg and the extracellular space by 72 ml/kg. The increase in extracellular space was divided between the extravascular and intravascular compartments but not in proportion to their normal volumes: the plasma volume increased by a much greater amount (70%) than the increase of 32% in reduced by a much greater amount (46%) the extracellular space. The increase in blood because of the decreased haematocrit.
volume was, however, not significant because the haematocrit had decreased by nearly PLASMA HORMONES 70%. The total body exchangeable sodium The plasma concentration of noradrenaline was 30% above normal. The effective renal was increased in every patient, with the averplasma flow was nearly 22% below normal age being more than twice normal (p < 0 01) but the calculated renal blood flow was (table 3) . Plasma adrenaline was, however, indicates that it is likely to have been normal. roved with treatment but only Therefore the most likely cause of the ) could be reinvestigated: one increase in vasopressin is a non-osmotic ls lost to follow up and the release. An increase in growth hormone has not wish to be restudied. All never been reported in anaemia and is similar iven blood transfusions and to that reported by us in other syndromes of Lts. None was treated with salt and water retention.45 '9 diuretics or cardiovascular drugs. Table 4 shows the results in the two patients. Both patients became symptom free and lost weight and oedema: patient A2 became free of ascites. The haemodynamic variables returned to normal. In particular, the blood pressure and systemic vascular resistance increased to normal values as the haematocrit improved. Clinical improvement and a reduction in oedema was associated with a substantial decrease in extracellular volume, total body water, and total body exchangeable sodium and an increase in effective renal plasma and blood flow and glomerular filtration rate. Though the plasma volume fell considerably, the blood volume did not change because the haematocrit increased from 12-5 to 39%. The plasma hormones returned to normal values.
Discussion
We investigated patients with chronic severe anaemia and oedema who had never been treated. The congestive state seen occasionally in patients with chronic severe anaemia is similar to that seen in patients with oedema caused by myocardial disease, but the mechanisms of salt and water retention in the two conditions may be different. We therefore compared the findings in patients with chronic severe anaemia with those, reported by us previously in patients with oedema from myocardial disease4 (tables 1-3).
The haemodynamic variables in these two conditions were entirely different (table 1) . While the right-sided pressures were much raised in patients with myocardial disease, they were either normal or only slightly increased in patients with chronic severe anaemia. The most striking difference was seen in the systemic circulation. The cardiac output was considerably reduced in congestive heart failure but was increased in chronic severe anaemia. Also, while patients with congestive heart failure were able to maintain a normal arterial blood pressure by a considerable increase in the systemic vascular resistance, patients with chronic severe anaemia could not maintain a normal blood pressure because of systemic vasodilatation. The increase in cardiac output in anaemia-was largely the result of an increase in the stroke volume with only a modest increase in heart rate, suggesting normal myocardial function. The hormone response was similar in both conditions. Thus despite increased sympathetic stimulation and activation of the reninangiotensin-aldosterone system, patients with oedema from chronic severe anaemia had markedly reduced systemic vascular resistance.
Despite the striking differences in the haemodynamic variables in these two conditions, the changes in the body fluid compartments and renal function were similar. The renal plasma and blood flow and glomerular filtration rate were reduced in both conditions, though the decrease was greater in patients with congestive heart failure. The systemic vascular resistance fell to nearly half normal in patients with anaemia, while it increased by 80% in patients with congestive heart failure. Despite this the renal vascular resistance increased in both conditions: by more than 40% in anaemia and more than 200% in congestive heart failure. It is, therefore, clear that patients with chronic severe anaemia constrict their renal vasculature while they have an overall systemic vasodilatation.
PATHOPHYSIOLOGY OF SALT AND WATER RETENTION IN CHRONIC SEVERE ANAEMIA
The neurohormonal response, changes in renal circulation, and degree of salt and water retention in patients with oedema from chronic severe anaemia are qualitatively similar to those in patients with oedema from myocardial disease, conditions with fundamentally different haemodynamic mechanisms. We have previously shown that a similar pathophysiology is seen in patients with oedema from chronic obstructive pulmonary disease who, like patients with oedema from chronic severe anaemia, have reduced systemic vascular resistance. 9 The common factor in all these conditions seems to be a tendency towards a low arterial blood pressure. Blood pressure is "threatened" in congestive heart failure by low cardiac output and in chronic severe anaemia and chronic cor pulmonale by decreased systemic vascular resistance. Low or "threatened" blood pressure evokes a reflex increase in sympathetic activity through the baroreceptors and activates the renin-angiotensin-aldosterone system through the juxtaglomerular cells, in the same way as do low cardiac output states.45
The increased sympathetic-stimulation reduces the renal blood flow and to a lesser extent the glomerular filtration rate and may contribute to the non-osmotic release of vasopressin. The net result is salt and water retention. The activated renin angiotensinaldosterone axis and vasopressin further help to retain salt and water. The extracellular volume expands and leads to release of ANP whose vasodilator properties may be expected to reduce the systemic vascular resistance further. Replacement of the red blood cells restores haemoglobin concentrations, inhibits EDRF activity, and reverses the process that contributed to salt and water retention. This sequence of events is consistent with the hypothesis35 that the syndrome of congestive heart failure is the result of sustained attempts to maintain arterial blood pressure by neurohormonal activation.
LIMITATIONS OF THIS STUDY
This study was carried out on only four patients. The major objective was to investigate patients with chronic severe anaemia who had salt and water retention and who had never been treated. Treatment, especially with diuretics has such profound effects on the neurohormones that it becomes difficult to distinguish between the effects of treatment and those of the disease itself.'01'
However, it is difficult to find such patients in hospital practice and during a period of nearly 18 months only four such patients who had not received any diuretic treatment were admitted to a large teaching hospital.
